INTRODUCTION
N atal dispersal, the permanent movement of offspring from the natal territory, has substantial effects on the genetic structure, population dynamics, social organization, and spatial distribution of animals (Clobert et al. 2001) . Proposed evolutionary causes for natal dispersal include inbreeding avoidance, reduction in intraspecific and kin competition for resources and mates, and environmental stochasticity (Moore and Ali 1984; Waser 1985; Chepko-Sade and Halpin 1987; Lambin et al. 2001; Perrin and Goudet 2001) . Males and females can differ in how these evolutionary forces shape the costs and benefits of natal dispersal. As a result, sex-biased dispersal, where one sex disperses farther or more often, is common in many species. Which sex disperses is likely caused by the natal territory imparting a greater fitness advantage to the nondispersing sex (Greenwood 1980; Pusey 1987; Lambin 1994; Clarke et al. 1997) .
Proximal causes of natal dispersal are less well understood but are important to determining how environmental and physiological conditions affect dispersal behavior. A number of variables potentially determine if and when offspring disperse. Dispersal can be triggered or delayed by socioecological factors, such as population density, habitat quality, conspecific aggression, and competition or physiological factors including age, condition, size, and hormones (Holekamp 1986; Nunes and Holekamp 1996; Nunes et al. 1997; Smale et al. 1997; Lambin et al. 2001) . The effect of socioecological and physiological cues in eliciting dispersal can also vary between males and females because of intersexual differences in reproductive strategies and parental investment (Greenwood 1980; Clutton-Brock 1991; Lambin 1994) .
In endotherms without male parental care, timing of natal dispersal in males should be closely related to size and condition, whereas in females, it should be dependent more on factors dealing with resource competition and quality. Male reproductive success is limited by their ability to defend and copulate with mates, and larger males presumably are more competitive and able to mate with more females (Trivers 1972; Crook et al. 1976; Emlen and Oring 1977; Clutton-Brock 1989) . In females, reproductive success is less influenced by body size because they produce low relatively fixed litter sizes. Instead, a female's ability to convert resources into offspring is the major determinant of reproductive success (Trivers 1972; Crook et al. 1976; Clutton-Brock and Harvey 1978) . Therefore, sons should be under stronger selection to maximize parental investment and achieve a larger body size before independence through increasing the time spent under the parents' care and the amount of resources extracted (Clutton-Brock 1991) . Although this strategy may result in a parent-offspring conflict, parents should also be more willing to invest in male offspring. Parental investment can have a larger impact on sons' than on daughters' reproductive success as well as their own number of grand offspring produced because of greater variance in male reproductive success (Trivers 1972 (Trivers , 1974 Clutton-Brock 1991) . Studying sex differences in timing of dispersal within a species can be difficult because many endotherms have sex-biased dispersal ). In addition, comparison of parental investment between males and females in species with sex-biased dispersal is complicated by the possibility of differential investment at different life stages (Clutton-Brock 1991) .
In mammals, male-biased dispersal is the most dominant form of natal dispersal. However, a small number of mammals, typically solitary, do not exhibit sex-biased dispersal (Greenwood 1980; Waser and Jones 1983) . Absence of sex-biased dispersal is hypothesized to occur because of similarity in the influences of socioecological variables on reproductive success of both sexes (Smale et al. 1997) . Species lacking sex-biased dispersal are ideal for comparing differences in timing of dispersal and parental investment between sons and daughters.
One well-studied mammal that does not exhibit sex-biased dispersal is the banner-tailed kangaroo rat (Dipodomys spectabilis), a solitary species native to desert grasslands of the southwestern United States and northern Mexico (Best 1988) . This nocturnal rodent aggressively defends territories surrounding a mound that contains a complex burrow system and seed caches (Vorhies and Taylor 1922; Schroder 1979; Randall 1987 Randall , 2001 . Mounds are constructed through excavation of soil and can persist for .50 years (Holdenried 1957; Reichman et al. 1985; Parmenter and Van Devender 1995) . Mound ownership is critical for survival of both male and female banner-tailed kangaroo rats (Jones 1984) , a factor that probably contributes to the lack of sex-biased dispersal in this species. New mounds are rarely built, likely because they are costly and time consuming to construct (Best 1972) . Both males and females disperse relatively short distances (,100 m) from natal territories, typically to the closest unoccupied mound (Jones 1986 ). Offspring sometimes remain at the natal mound into reproductive maturity as a result of inheritance through the death of the mother or by bequeathal through mothers dispersing (Jones 1984) . Banner-tailed kangaroo rats exhibit considerable variation (2 months to 1 year of age) in timing of dispersal with respect to age, sex, body mass, and population density (Jones 1984; Jones et al. 1988; Waser et al. 2006) . Young are usually born in small litters (1-3 offspring) during early spring, weaned at 3-4 weeks old, and remain with mothers until at least 2 months old, dispersing before reproductive maturity the following winter (Holdenried 1957; Jones 1984; Waser et al. 2006) . Offspring must likely reach a minimum threshold of age or size before dispersing because offspring experimentally forced to disperse at a young age have lower survivorship than those that naturally disperse (Waser 1988) . Although competition for vacant mounds is probably important for determining dispersal patterns in both sexes, sex-specific reproductive strategies and parental investment patterns may also affect timing of dispersal. Juvenile males tend to be trapped at natal mounds later in the year than females (Waser et al. 2006) , suggesting that factors such as size and condition are important to timing of dispersal. By remaining at the natal mound longer, males would receive additional maternal care through access to natal mounds and the seed caches within (Jones 1986; Jones et al. 1988) . Banner-tailed kangaroo rats exhibit male-biased sexual dimorphism, and males actively defend estrous females, indicating that male size likely contributes to reproductive success (Best 1988; Randall 1991) .
My objective was to manipulate body size and condition of banner-tailed kangaroo rats to examine the proximal causes of natal dispersal in males and females. I monitored timing of dispersal, growth, condition, and survivorship of offspring from mounds with and without experimentally supplemented food supplies. I hypothesized that supplemented offspring compared with control offspring would generally 1) grow faster, 2) be in better condition, and 3) disperse earlier. Earlier dispersal of supplemented offspring would be predicted if timing of dispersal was influenced by size and condition. In addition, I expected timing of dispersal in sons to be more closely dependent on size and condition than in daughters due to differences in reproductive strategies and parental investment.
MATERIALS AND METHODS

Study area
The study area was located at the Sevilleta National Wildlife Refuge, near Socorro, NM (lat 34°24#24.8##N, long 106°36#20.5#W, 1600 m elevation). The site encompassed 18 ha of Chihuahuan Desert and short-grass steppe vegetation dominated by grama grass (Bouteloua eriopoda and B. gracilis), burrograss (Scleropogon brevifolius), and sand dropseed grass (Sporobolus cryptandrus). The study area contained 165 kangaroo rat mounds of varying condition and size.
Mark-recapture and experimental methods
The banner-tailed kangaroo rat population was monitored monthly from March 2005 to February 2009 (excluding January 2007 . Each month, all mounds were assessed for signs of kangaroo rat activity (e.g., fresh digging and feces, burrow entrances free of debris) (Jones 1984) . Mounds exhibiting active kangaroo rat sign were trapped for 3 consecutive nights. Two to 4 live traps (Model XLK; H.B. Sherman Traps, Tallahassee, FL) were baited with sweet feed (oats, corn, and barley mixed with molasses) and placed at each mound (Cross and Waser 2000) . I opened live traps at dusk and examined them 3-7 h after sunset. All individuals were marked with a uniquely numbered passive integrated transponder (PIT) tag (Model 1440ST; Biomark, Boise, ID), which was injected subcutaneously. I recorded gender, age, reproductive status, mass, tail length, and right hind foot length of all captured individuals each month. Animals were handled in accordance with the guidelines of the University of New Mexico Institutional Animal Care and Use Committee (Protocol No. 04MCC00507 and UNM048-TR-100261).
Adult banner-tailed kangaroo rats are solitary and highly territorial. An individual captured most frequently at a mound could reliably be considered the occupant (Schroder 1979; Jones 1984) . During this study, I considered a mound occupied by an individual if it was caught at the mound 1) .1 month, 2) 2 times during 3 consecutive months, and 3) more frequently than any other adult (Jones 1984; Waser et al. 2006 ).
All mounds occupied by adult females in February 2008 (n ¼ 24) were randomly assigned to control or treatment groups. Beginning on 28 February 2008, I added 500 ml of mixed seed (millet, cracked corn, and sunflower seeds) weekly to each treatment mound (n ¼ 12). At the beginning of the experiment, most females had either recently given birth or were in the late stages of pregnancy (17 of 24). The 12 control mounds were visited each week, but no seed was added (i.e., sham treatment). Seeds were poured directly into burrows to avoid removal by other granivore species. Females rapidly transferred seeds into the interior of the mound, typically within a few hours of supplementation (Edelman AJ, personal observation). I ended resource supplementation on 3 July 2008. At this time, .90% of offspring were independent (32 of 35 juveniles with assigned mothers).
Gestation in banner-tailed kangaroo rats lasts 3-4 weeks, and females rapidly gain 15-20 g prior to parturition and lose a similar amount postpartum (Bailey 1931; Holdenried 1957) . Pregnancy is only detectable from normal mass fluctuations within the last 2 weeks of gestation. Thus, based on monthly patterns of mass gain and loss and visible Edelman • Timing of dispersal in kangaroo rats 777 reproductive signs, I was able to establish during which trapping period a female was pregnant. To provide a more refined estimate of parturition date for each female, I added a specific number of days to the date of known pregnancy based on the amount of mass gained between trapping periods: 1) 7 g gained, added 14 days; 2) .7 and ,15 g gained, added 7 days, and 3) 15 g gained, no days added. I calculated age at first capture for each offspring by subtracting estimated parturition date from date of first capture. I determined the length of dependency for all offspring first captured at ,135 days of age (32 of 35 juveniles with assigned mothers) by estimating the maximum possible time spent at the natal mound with mothers. This age criterion was used to exclude offspring for which independence age could not be accurately estimated (3 offspring first captured at 5 months old and after dispersal).
Offspring differed in completeness of trapping history and philopatry. Therefore, I standardized the time spent at the natal mound among offspring based on a set of markrecapture criteria. For offspring with a continuous trapping history that also dispersed, the date of first capture away from the natal mound (i.e., no longer trapped at natal mound) was used as the dispersal date (n ¼ 17). For offspring with a discontinuous trapping history (i.e., disappeared or had a time gap between capture at their natal mound and another mound), the census date after the last capture at the natal mound was used as the dispersal date (n ¼ 10). The maximum time spent at the natal mound was then calculated by subtracting the juvenile's estimated birth date from its estimated dispersal date. I did not calculate dispersal age for offspring (n ¼ 5) that were philopatric (i.e., inherited a natal mound because the mother died or dispersed). Age at first capture was used as a measure of the onset of aboveground activity for all offspring first captured at ,135 days of age (n ¼ 32). Individuals that were no longer captured were assumed to have died between trapping periods. Based on telemetry and trapping studies, this assumption has been shown to only slightly underestimate survivorship in banner-tailed kangaroo rats because of their short dispersal distances and high recapture rates (Jones 1986; Cross and Waser 2000) . Using this criterion, I estimated survival to independence (first capture away from natal mound or after inheritance of natal mound) and from independence to December 2008 (i.e., beginning of first breeding season). Dispersal distances were measured as the distance between the natal mound and the first mound where offspring were independent.
Maternity analysis
Tissue was excised from the ears of all animals on first capture and dried. Tissue samples of putative mothers and offspring were then sent to a private laboratory (Wildlife Genetics International, Nelson, Canada) for analysis following standard protocols. All samples were extracted using QIAGEN's DNeasy Tissue kits (Valencia, CA) following the manufacturer's instructions. I used 9 microsatellite loci to characterize individuals (mean expected heterozygosity ¼ 0.746 excluding DS19): DS1, DS3, DS19, DS28, DS46, DS98, DS107, DS109, and DS163 (Davis et al. 2000; Waser et al. 2006) . A single base was added to the 5## end of the unlabeled primer of all loci except 2 (DS107 and DS163) to reduce the risk of single-base stutter by encouraging complete adenylation of the polymerase chain reaction product (Brownstein et al. 1996) . I used a mixture of exclusion and likelihood-based inference to determine maternity of juveniles (Waser et al. 2006) . A total of 44 bannertailed kangaroo rat juveniles were captured during 2008. Candidate mothers were the 24 adult females of the control and treatment groups. I first used the X-linked marker DS19 to exclude incompatible mothers for each juvenile. Next, I used CERVUS version 3.0.3 to infer maternity based on the 8 autosomal loci (Kalinowski et al. 2007 ). The genotype error rate was set at 1% in CERVUS. I accepted all mother-offspring matches assigned by CERVUS at the 95% confidence level. I accepted matches at the 80% confidence level if the juvenile was first captured at the putative mother's mound.
Statistical analysis
All statistical analyses were conducted using R version 2.12.1 (R Development Core Team 2009). I used 2-tailed versions of Wilcoxon rank sum tests, t-tests, and Fisher's Exact tests to compare reproduction of females, dispersal, and survivorship between control and treatment groups. Litter size was estimated by counting all known offspring for each mother in first litters only. Differences in body measurements at first capture and condition index at capture nearest dispersal age between control and treatment groups were examined using analysis of covariance (ANCOVA) tests with age at capture, sex, and interaction effects as covariates. A condition index was calculated for all offspring using the ratios of the residuals of ordinary least squares regression of log-transformed and standardized body mass and tail length at capture nearest to dispersal age (Schulte-Hostedde et al. 2005) . Time spent at the natal mound with mothers was compared with a 2-way analysis of variance (ANOVA) test with resource level, sex, and an interaction effect. A backward selection process with cutoff P values of 0.05 for exclusion was used to determine which effects were included in final ANOVA and ANCOVA models. Identity of mothers was originally included as a random effect in models but was removed because there was no statistically significant improvement in fit and accounted for almost none of the variance. The analysis of juvenile growth was based on a longitudinal design where body mass was measured repeatedly over time on the same individual, resulting in nonindependence of errors. To account for this hierarchical structure, I used a nonlinear mixed-effects model to fit a growth equation to observed mass data. I chose the modified monomolecular equation:
where M t is mass at age t, A is an asymptotic mass, B is birth mass, and T is the time required to complete the major part of growth. Generally, T approximates the time necessary to achieve 90% of A and is a measure of growth rate (Richards 1959; Leberg et al. 1989) . Birth mass was fixed at 8 g in the growth equation based on published data from this species (Holdenried 1957) . The monomolecular growth equation, rather than a sigmoidal-based equation as used for many mammals, was selected because growth rate in kangaroo rats has been shown to decrease from birth onward (Butterworth 1961; Lackey 1967) . I began the model-building process by first producing separate fits of the growth equation for each individual. This facilitated examination of the random-effects structure and provided starting values for parameters in mixed-effects models. As part of this process, I created a self-starting monomolecular function in R that determined the starting values for model parameters (Pinheiro and Bates 2000) . These individual fits revealed that A varied relatively more between individuals than T. As a result, I only included a random effect for A in mixed-effects models.
Residuals in preliminary mixed-effect models exhibited heteroscedasticity in which the variance of response variable (i.e., mass) varied with age. Therefore, I modeled the variance structure as a ''power of covariate'' function of age (rescaled as age divided by maximum age to prevent numerical instability) (Pinheiro and Bates 2000; Zuur et al. 2009 ). Residuals of models containing the ''power of covariate'' function did not exhibit heteroscedasticity. In addition, the repeated-measure design resulted in temporal autocorrelation. Autocorrelated errors (q) were included in mixed-effects models as a first-order autoregressive process.
The final mixed-effects model was constructed by determining which combination of fixed effects were the best predictors of the observed data. For each growth parameter (A and T) in models, potential fixed effects were sex, resource level, and the interaction between sex and resource level. All possible model configurations were ranked using the Akaike information criterion with second-order correction for small sample sizes (AIC c ). AIC c ranks models on goodness of fit and minimization of the number of parameters. The best-fitting growth model was the configuration with the lowest AIC c (Ritz and Streibig 2008) . Additionally, Wald tests were used to assess the significance of fixed effects in the final model.
RESULTS
Reproduction
Maternity analysis assigned 35 offspring to mothers on the study area (34 at the 95% confidence level and 1 at the 80% confidence level): 10 treatment females, 7 control females, 13 treatment males, and 5 control males. Resource supplementation of mothers affected whether they reproduced successfully confirming that resources were limiting on control territories but did not influence other reproductive variables (Table 1) . No detectable differences existed between control and treatment females in parturition date, proportion pregnant, proportion producing a second litter, or litter size. Overall, proportion of females that reproduced successfully (i.e., at least one confirmed offspring) was lower for the control than for the treatment females.
Offspring growth
Offspring from the treatment group (n ¼ 21) grew faster than those from the control group (n ¼ 11). At first capture, treatment offspring averaged 20% heavier than control offspring (Figure 1a ; F 1,29 ¼ 234.2, P , 0.001) after adjusting for age at capture (F 1,29 ¼ 137.0, P , 0.001). Foot and tail length of treatment offspring averaged 6% (Figure 1b ; F 1,29 ¼ 44.9, P , 0.001) and 11% (Figure 1c ; F 1,29 ¼ 77.2, P , 0.001) longer than control offspring upon first capture, respectively, adjusting for age at capture (foot length: F 1,29 ¼ 8.5, P ¼ 0.006 and tail length: F 1,29 ¼ 52.3, P , 0.001). Sex and interaction effects were not statistically significant for any measurements.
Resource supplementation did not affect adult mass reached by offspring but did greatly increase rate of growth for both sexes. The best-fitting growth model allowed asymptotic mass (A) to vary by sex and period of major growth (T) to vary by both sex and resource level ( Table 2 ), indicating that asymptotic mass was similar between resource levels within sexes but that length of growth period differed among resource levels and sexes (Figure 2 ; based on 161 observations of 32 juveniles with assigned mothers). The statistically significant Wald tests confirmed the validity of the fixed effects selected in the bestfitting growth model (Table 3) . Based on the model estimates, period of major growth for offspring with supplemented natal resources was 29% shorter for females and 21% shorter for males than for nonsupplemented offspring of the same sex (Figure 2a-d, arrows) . Males, regardless of treatment, had a longer period of major growth than females and grew to a larger asymptotic mass. Asymptotic mass did not significantly differ between resource levels but was 25% greater (32 g) for males than for females, contributing to the additional time necessary for males to reach adult mass. A close fit between the observed data and the growth curves (Figure 2 ) supports the use of the adjusted mother's parturition date to estimate age of offspring. At first capture, predicted age of offspring from the growth model deviated from estimated age by an average of 65.9 days (standard error [SE] ¼ 0.8).
Control offspring were active aboveground at an earlier age and had lower survivorship while at the natal mound than treatment offspring. Control offspring were almost 3 times as likely to be captured at natal mounds prior to dispersal and averaged about 25 days younger at first capture than treatment offspring (Table 1) . Almost all treatment offspring (n ¼ 23) survived to independence, whereas only about half of control offspring (n ¼ 12) survived (Figure 3 ; Fisher's Exact test, P ¼ 0.0033).
Dispersal
Resource supplementation affected length of dependency in males but not in females. A significant interaction effect between sex and resource level (F 1,23 ¼ 7.68, P ¼ 0.01) indicated that effect of resource supplementation on timing of dispersal differed between males and females (Figure 4 ). Control and treatment females did not differ from each other or from treatment males in the number of days spent at natal mounds (Tukey's test, all P . 0.45). However, control males stayed at the natal mound an average of 52% longer than treatment males and 70% and 78% longer than control and treatment females, respectively (Figure 4 ; Tukey's test, all P , 0.003).
Resource supplementation affected mass at dispersal differently between sexes. Based on the growth model in Table 3 , predicted mass at mean dispersal age was 16% greater for treatment females (83.6 vs. 96.6 g) and 9% less for treatment males (113.9 vs. 103.7 g) than for control offspring of the same sex (Figure 2a-d, dashed lines) . Supplemented offspring were in better condition than nonsupplemented offspring. Condition index of treatment offspring (mean 6 SE ¼ 0.13 6 0.09, n ¼ 18) was higher than of control offspring (mean 6 SE ¼ 20.26 6 0.13, n ¼ 9) at capture nearest to dispersal age (F 1,25 ¼ 5.5, P ¼ 0.028; age, sex, and interaction effects were not significant).
No difference was detected in degree of offspring philopatry between experimental groups. Fewer than 20% of offspring inherited the natal mound in both control and treatment groups (Table 1) . Dispersal distance did not differ significantly between control and treatment offspring (Table 1) . After independence, survivorship to the beginning of the breeding season in December 2008 was similar between control (n ¼ 6) and treatment offspring (n ¼ 22) (Figure 3 ; Fisher's Exact test, P ¼ 1.0).
DISCUSSION
Resource supplementation affected growth patterns of males and females similarly but strongly influenced timing of dispersal in males only. These sex-specific dispersal responses match the general intersexual differences in reproductive strategies and parental investment patterns of mammals. Timing of male dispersal was significantly earlier in supplemented offspring, which also had faster growth rates and were in better condition, than in controls ( Figure  2) . Thus, my results support the hypothesis that size and condition cues are important to triggering dispersal in males. Size and condition likely affect the reproductive success of male kangaroo rats through their ability to find and defend mates. Male banner-tailed kangaroo rats engage in competitive mate searching and direct competition for access to estrous females (Randall 1991) . Females did not disperse significantly earlier when food supplemented, even though they had faster growth rates and were in better condition (Figure 2) . Timing of dispersal in females is predicted to be more influenced by resource quality and competition than by body size (Clutton-Brock and Harvey 1978). Competition for existing mounds was low during this study because population density on the study site was less than half that of high-density years (2.5 vs. 5.7 individuals/ha) and more than half of mounds were unoccupied (Edelman AJ, unpublished data). Thus, females were able to disperse at the youngest age possible (2-3 months old) in order to secure a mound and maximize the time available for collecting food prior to their first breeding attempt. As observed in this study, seed caches are critical to female reproductive success and survivorship of offspring. Mothers with supplemented seed caches reproduced successfully more often and had higher offspring survivorship during the dependency period than controls. The strong effect of natal resources on early offspring survivorship may be linked to differences in predation risk. Offspring of unsupplemented mothers were captured at a younger age, indicating that they were likely foraging aboveground earlier and at greater exposure to predators. Once offspring were independent of mothers and completely responsible for finding their own food, survivorship A and T refer to growth model parameters and all equations for each include an intercept. K and b denote number of estimated parameters and a random effect for identity, respectively. All models include terms for autocorrelated errors (first-order autoregressive process) and variance structure (''power of covariate'' function of age).
Figure 1
Effect of resource supplementation on growth of juvenile banner-tailed kangaroo rats. Measurements are body mass (a), right hind foot length (b), and tail length (c) of control (white bars; n ¼ 11) and treatment groups (shaded bars; n ¼ 21) at first capture (marginal means 6 SE adjusted for age at capture). P values are from ANCOVAs. Sex and interaction effects were not statistically significant for any measurements.
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Behavioral Ecology was similar between resource levels, suggesting that predation risk was also comparable between groups. The exact timing of dispersal in banner-tailed kangaroo rats appears to be controlled by a mix of cues related to size, age, and condition. Minimum age of dispersal may be set by ontological processes that are not affected by resources. For example, I detected no difference in dispersal age between supplemented and control females, even though the former were predicted to reach 75% of adult mass by independence. Thus, other factors such as behavioral development may necessitate a minimum length of dependency before offspring can live independently. Most juvenile kangaroo rats remained at the natal mound until at least 2 months old and usually
Figure 2
Effect of resource supplementation on growth curves of banner-tailed kangaroo rats: control females (a), control males (b), treatment females (c), treatment males (d; solid lines are fitted growth curves, circles are observed mass data, arrows indicate age at which 90% of asymptotic mass was reached, and dashed lines indicate mean dispersal age), combined female (e), and combined male (f; solid lines are control curves and dashed are treatment curves). Fitted growth curves are based on 6 control females, 9 treatment females, 12 treatment males, and 5 control males. Model parameters were asymptotic mass in grams (A) and age in days at which approximately 90% of asymptotic mass was reached (T). Wald tests (t and P) were performed for each parameter based on 125 degrees of freedom. A random effect on A for the identity of the kangaroo rat was included in the model (SD ¼ 4.5; residual SD ¼ 4.1). Sex was coded as 0 for female and 1 for male. Resource level was coded as 0 for control and 1 for treatment. Estimates of A and T for experimental groups are calculated from regression equations by inserting the appropriate variable codes (e.g., T for treatment females: 184.1 1 0 3 76.0 1 1 3 253.7 ¼ 130.4 days). closer to 3 months old both in this and other studies (Waser et al. 2006) , suggesting that dispersal is generally not feasible before this age. In males, there may be a trade-off between the effect of size and condition on the timing of dispersal. Although males at supplemented mounds dispersed earlier than those at nonsupplemented mounds, they also were estimated to disperse at a slightly lower percent of adult mass. However, their body condition was better than the controls. Thus, supplemented offspring may have compensated for the smaller body size through better condition. Dispersing at a younger age when in good condition may be advantageous to males because they face reduced competition for mounds compared with later dispersing juveniles. Parental care by banner-tailed kangaroo rat mothers differed between sons and daughters under nonsupplemented conditions. Additional parental investment should benefit sons more than daughters because body size in mammals typically has a larger influence on reproductive success in males (Clutton-Brock and Harvey 1978; Clutton-Brock 1989) . Thus, mothers can increase the reproductive success of sons by allowing them to remain for longer periods at the natal mound. Due to small sample sizes, I was not able to measure whether sons were more costly in terms of fitness to kangaroo rat mothers, but presumably mothers had to relinquish additional resources to support them. Parent-offspring conflict could arise if sons tried to extract more resources than mothers were willingly to provide (Trivers 1974 ). However, males should not attempt to stay longer than necessary to reach a critical size or condition threshold because obtaining their own mound is essential to survival and reproduction.
Socioecological factors are also known to strongly affect dispersal behavior in banner-tailed kangaroo rats. In particular, competition for mounds by both sexes likely contributes to the lack of sex-biased dispersal in banner-tailed kangaroo rats. Habitat saturation, which results in strong competition for mounds, causes male and female banner-tailed kangaroo rats to disperse shorter distances (Jones et al. 1988 ). However, similarity in the effect of competition on males and females does not preclude that physiological factors linked to sex-specific reproductive strategies and parental investment patterns may also affect dispersal as observed in my study. For example, even during periods of habitat saturation, inheritance of the natal mound and seed caches exhibits a stronger positive effect on female than on male survivorship (Jones et al. 1988) . This difference supports the hypothesis that female fitness is more strongly impacted by resource competition than males' due to the greater demands of reproduction.
Comparison of banner-tailed kangaroo rat dispersal patterns to other mammal species is complicated by the prevalence of sex-biased dispersal. The most comparable example is in Belding's ground squirrels (Spermophilus beldingi), which exhibit some flexibility in sex-biased dispersal (Smale et al. 1997) . Similar to male banner-tailed kangaroo rats, food-supplemented male Belding's ground squirrels disperse earlier but at a comparable mass and condition as control males (Nunes and Holekamp 1996) . Unlike banner-tailed kangaroo rats in which both sexes must disperse, female Belding's squirrels are often philopatric but disperse more often when food supplemented, likely because competition for nonfood resources increases . By examining sex differences in banner-tailed kangaroo rats that lack sex-biased dispersal, I was able to directly compare the effect of resource supplementation on dispersal between males and females. My results confirm that differences between sexes in timing of dispersal are likely related to sex-specific reproductive strategies and parental investment patterns common in mammals. Effect of resource supplementation on length of dependency for banner-tailed kangaroo rat offspring. Age at dispersal (means 6 SE) for control (white bars) and treatment groups (shaded bars) is shown. Letters above bars represent statistically significant differences (P , 0.05) among groups in Tukey's tests. Samples sizes are control females ¼ 5, treatment females ¼ 9, control males ¼ 4, and treatment males ¼ 9.
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